INTRODUCTION
One of the most unusual features imaged on Consortium for Continental Reflection Profiling (COCORP) data is the extremely reflective Surrency Bright Spot (SBS) located at 16 kID depth beneath southeastern Georgia (Figures 1 and 2 ). The SBS is intriguing not only for its strong reflectivity but also because it is isolated in the midcrust and is flat and level for about half of its 4 kID length on the original COCORP data (Figure 1 ). ' The similarity between the SBS and fluid-related "bright spots" or "flat spots" seen on shallow seismic reflection data [Backus and Chen, 1975; Ensley, 1984] suggests that the SBS may be caused by fluids trapped within fracture porosity in the midcrust [Brown et al., 1987; Wille, 1987] . The SBS lies within the inferred Alleghanian suture zone between Florida and North America [Nelson et al., 1985a, b; McBride and Nelson, 1988; Chowns and Williams, 1983] , and middle and lower crustal fluids could therefore come from' subduction and/or metamorphism of relatively "wet" oceanic sedimentary rocks [e.g., Fyfe, 1986] . Fluids could also be released by dehydration from progressive metamorphism of middle and lower crustal lNow at Branch of Earthquake and Landslide Hazards, U.S. Geological Survey, Golden, Colorado. 2Now at Amoco Production Company, Houston, Texas.
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. rocks. Given that the pressure at SBS depths sbould be nearly 5 kbars, the pore spaces, presumably fracture porosity, must be kept open by high fluid pressure. The nature of fluids at that depth is also unknown, but presumably any fluid or gas would be supercritical. Reanalysis of existing COCORP data [Barnes and Reston, 1992) , as well as a test of the reflection polarity of the SBS , have cast doubt on the fluid hypothesis. Barnes and Reston [1992] reexamined the original COCORP profile and showed that the dipping southern portion of the reflection (Figure 1 ) is not a diffraction; after migration it is seen to originate from a sloping portion on the northern part of tbe reflector. In complementary papers to this one [Mondary et al., 1991 [Mondary et al., , 1993 , the three-dimensional data over the SBS were . analyzed; modeling the reflection shows that the SBS has a shape much like that of a 2.2-km-wide amphitheatre (Figure 3 ) with the flat portion (the stage) to the southwest. This concave upward shape suggests that the unusually large reflection amplitude may be due in part to reduced scattering of seismic waves because of a "buried-focus" geometry and, unlike the original anticliaal "trap" interpretation, provides no fundamental impetus for interpreting the SBS as originating from a fluidfilled porous zone. A key test for the fluid hypothesis is reflection polarity, but comparison of the SBS reflection with both a geophone polarity test and first break deflections indicates that the SBS produces an initial positive deflection and thus arises from a positive impedance contrast at depth. The polarity measurement contradicts a simple, fluid-filled porous zone model. Furthermore, Barnes and Reston [1992] and Pralt et al. [1991] conclude from waveform modeling that the SBS originates from at least two reflectors forming a thin (circa 80 to 150 m) layer. The only possible fluid model, therefore, must have two fluids with large, if not extreme, property contrasts to produce the strong "flat spot" reflector and a nonreflective top to the porous zone to prevent a negative reflection polarity. This paper describes new seismic reflection data over the SBS acquired by COCORP in the summer of 1990. The new experiments consisted of compressional and shear wave common-midpoint (CMP) and expanding spread (ESP) profiles and the three-dimensional imaging of the SBS body. In addition to providing an accurate determination of the crustal velocity structure, the data have provided an effective test for evaluating our ability to determine material properties of deep reflectors and for assessing the feasibility of using j;hear wave vibrators for imaging middle and lower crustal ftatures. Analysis of the new data for amplitude-versus-offset (AVO) characteristics, in conjunction with the previously measured positive reflection coefficient, indicates that the SBS indeed originates from a thin, high-impedance body.
DATA ACQUIsmON
The acquisition effort made use of a seismic group recorder (SGR) based, 6oo-channel, radio-controlled seismic system provided in part by Amoco Production Company. Geophones consisted of three-component, 10 Hz phones, six per string, deployed in 40-m linear arrays and aligned with a compass to keep the orientation the same as the vibrators. With both the vibrators and the phones, the SV mode refers to the in-line (or radial) sense of motion, and the SH mode refers to the transverse sense of motion.
Eight vibrators were used for sources, four smaller ones (40,000Ibs (178,OOON) peak force) in P wave mode and four larger (52,000 lbs (231,OOON) peak force P wave, 30,000 lbs (133,OOON) peak force in S wavemode) used in S wave mode.
The vibrators were deployed in a 40-m array (trucks were bumper-to-bumper), and vibration points (VPs) were spaced on average 1.2 km apart for a total of 32 VPs along the 37-km N-S line (Figure 2 ). Each VP consisted of an adjacent pair of source stations located 40 m apart, at each of which a lO-sweepP wave record was taken (20 sweepsNP). S wave vibrators were swept 20 times at each station (40 sweeps/VP) with a new record after 10 sweeps. The sweep for all wave modes was a 20-s, 9-36 Hz upsweep. The pointed shear wave vibrator pads produced very small holes (10 cm or less in depth) in the hard portions of the packed-sand road (on which the VPs were preferentially sited) to holes about 0.5 m deep on soft portions. Because the SBS is located beneath remote timberlands, there was virtually no traffic (less than five vehicles per day), though logging operations caused a gap in one portion of the line.
Wide-angle reflections were recorded using a 130-station, three-component receiver array (390 channels total). Station spacing was 40 m to produce a 5.2-km spread length. A 48-s record length produced a 28-s correlated record, long enough to fully record any wide-angle reflections from Moho depths on the S wave records. The wide-angle reflection data are presented in two ways: as narrow, -125-fold (P) and -250-fold midpoint sections are not shown here because the P wave data look like a noisy version of the original COCORP section (Figure 1 ) and the S wave sections show little energy below the Atlantic Coastal Plain (ACP) strata. To provide velocity and geometric control in the third dimension, a short (8.8' km) crossline was collected in each wave mode ( Figure 2 ) and coarsely spaced, P wave three-dimensional data were acquired over a -7 by 10 km grid. As mentioned above, forward seismic modeling of the three-dimensional data was used to determine an amphitheatre shape to the SBS [Mondary et al., 1991 [Mondary et al., , 1993 .
CRUSTAL YELOCITY STRUCl1JRB
Reflection velocity analyses (Figure 4 ) can be used to define a three-layer crustal velocity structure ( Figure 6 ) with layer boundaries at the base of the Atlantic Coastal Plain (ACP) strata, the Surrency Bright Spot (SBS), and the base of the crust. The isolated location of the SBS circumvents the reflector correlation uncertainties which normally plague comparative multicomponent velocity analyses. Both compressional and 1/,Il.J shear wave velocities, and thus Poisson's ratios, can be measured for the upper two layers, but determination of a shear velocity below the SBS is inaccurate.
Reflections at travel times of 1.92 s (SH) and 1.18 s (P) (Figure 4 ) are interpreted as originating from the top of crystalline basement rocks beneath the ACP strata. The stacking velocities are 1510 mls and 2530 mis, for a Vp/Vs ratio of 1.68 ( Figure 6 ). The travel time ratio, on the other hand, gives a YpIVs ratio of 1.63 with the 3% discrepency most likely due to ray path distortion in the layered ACP strata [Al-Chalabi, 1973] . The measured velocities are typical for relatively quartzrich sedimentary rocks like the sandstones and siltstones making up the ACP stra.ta. The thickness of the Cretaceous and younger . ACP strata, about 1.47 km, is in good agreement with drill holes in the region (the nearest is about 20 km away) which show preCretaceous volcanic rocks at 1.3 km depth [Chowns and Williams, 1983] .~'I ,. . . and Williams, 1983] . The 1.86 and 1.9 Yp/Vs refraction velocity ratios contrast with the 1.63 reflection velocity ratio and, as with the discrepency in the thickness of the ACP strata (1.7 km refraction, 1.47 km reflection), probably results from the refracted waves sampling specific layers and the reflected energy sampling all the strata.
Chowns
The SBS is pro~inent on the P wave stacked sections at 5.9 s and easily visible on the SH wave section at a travel time of 1 km' The leftmost traces correspond to having the vibrators at the north end of the line and the receivers at the south. Numbers on the sections are the refraction velocities computed for each of the arrivals shown. SV wave data, not displayed here, contain both P and S arrivals and therefore look like a (noisier) combination of both of these profiles. Figure 6 ) whereas the travel time ratio is 1.91 (about 3% lower) for the same interval. Modeling to assess the effects of ray path bending indicate that the P wave stacking velocity is within about 2% (130 mls) of the correct value, but secondary semblance peaks at 3100 and 3270 mls on the S wave semblance computations (Figure 4) , probably caused by traceto-trace miscorrelation of the wavele~, suggest a 3% uncertainty in the S wave velocity determin~tion.
The upper crustal shear velocity of about 3250 mls is about 150 to 250m/s, or about 5% to 8%, smaller than would be expected given the 3400 to 3500 mls upper crustal shear velocity measurements determined in other studies in the southeastern United States (summary given by Taylor [1989] ). The shear velocities measured here are vertical determinations, whereas the horizontally traveling waves used in the earlier teleseismic and surface wave studies may show higher velocities because of anisotropy [e.g., Christensen, 1989] and layering.
A strong lower crustal or Moho reflection is seen on the P wave data at 10.9 s with a stacking velocity of 5910 mls; the P wave interval velocity of 6020 mls between the SBS and this lower reflector is about 6% slower than the upper crustal velocity of 6380 mls. This is a much larger discrepancy than the 3% errors in the velocities indicated by modeling and thus appears to be a real velocity inversion. The SBS lies at the top of a zone of reflectors which dip to the south (Figure 4 ; note that this section is horizontally exaggerated so the dips are not apparent). and which have been interpreted as a crustal shear zone related to the Late Paleozoic suturing of Horida to North America [Nelson et al., 1985a] . The crustal velocities just described support this hypothesis if substantial amounts of relatively low-velocity material such as underthrust (meta)sedimentary strata are present.
One of the most tantalizing aspects of the data is an apparent arrival at 18.3 s travel time on the SH stacked section (Figure  4 ), which may correspond to one of the 9.6-to 10.0-s P wave reflections and would be one of the deepest shear wave reflections recorded from a vibrator source.
Though a tremendous source effort was used (this is a 250-fold section), this result suggests that shear wave vibrators may be useful for limited deep-crustal work under the right conditions. This study used a shear-wave effort about 4 times that of the P wave, as measured in vibration time, but the need for an even greater effort is indicated by these results.
The SH wave reflection at 18.3 s stacks at a velocity of 3120 mis, but this velocity is poorly constrained. An interval velocity below the SBS of 3262 mls and a VpNs ratio for the lower crust of 1.84 results; we cannot get a VpNs travel time ratio because the corresponding P wave reflection cannot be identified. !tis difficult to assess the error in this measurement, but a 6%. error
PRAIT ET AL.: SEISMIC STUDIES Of THB SURRBNCY BRIGHT SPOT (+/-300 m/s) would produce interval velocities in the 3065 to 3460 m/s range or VpNs ratios in the 1.96 to 1.73 range ( Figure  6 ). The VplVs ratio may thus drop in the lower crust relative to the upper crust, but the estimated errors allow for no VpNs change as well. ' Crustal refraction experiments generally show lower crustal P wave velocities in the 6500 to 6800 mls range in the eastern United States [Taylor, 1989] , and recent work on the South Carolina coastal plain [Madabhushi el al., 1991; W. Mooney, personal communication, 1992] shows lower crustal velocities of 6400 to 6600 mls. We interpret the relatively'low crustal velocities obtained in the SBS reflection eXperiment (6020 and 6380 m/s) as due in part to anisotropy, with the v~rtical velocities about 6% to 10% lower than horizontal velocities. Although the nearest laboratory measurements were made on rocks nearly 350 km to the northwest [Christensen, 1989] , the Inner Piedmont rocks there also showed a 6% lower horizontal velocity ( Figure 6 ). The origin of this latter anisotropy is preferred mineral orientation of mica and aInphibole in the metamorphic rocks. In addition, velocity differences can also occur because the refracted energy travels along the fastest layers, whereas the reflected energy time averages all of the layers. '
A prominent reflection whose origin has been a subject of debate with the earlier COCORP data occurs 0.44 s below the SBS on the P wave stacked sections (Figure 1) . The interval velocity of 2040 m/s determined here (Figure 4 ) strongly suggests that the second arrival is multiply'reflected within the ACP sedimentary rocks. The alteruative explanation is a -450-m-thick, low-velocity (2040 m/s) zone, but if a fluid (water) is trapped within 6000-m/s crystalline rock, the time average equation [Wyllieet al., 1956 [Wyllieet al., , 1958 predicts that, an unreasonably high porosity of 39% is required., Furthermore, the impedance increase at the SBS interface [Pratt el aI., 1991] argues against a thick porous zone.
AMPLITUDE-VERSUS-OFFSET (A Va) ANALYSIS
The P wave data were analyzed to determine the reflection amplitude at differing offsets or incidence angles. Traces going into the analysis had no processing beyond a CMP sort and normal moveout correction; in particular, no amplitude corrections were applied. S wave ,data were not used because the 'SBS reflection was not visible at a sufficient range of offsets; it is unclear, however, whether the weakness of the S wave event is the result of a weak reflector or merely a lack of signal penetration, so we cannot use this information to constrain the interpretation. , An important issue in AVO analyses is which amplitude to measure. Interference between reflections from the top and bottom of the thin bed SBS, each of which may have a different Ava response, could complicate the Ava analysis. Figure 7 shows a comparison of normalized absolute values of different portions (both positive and negative offsets) of the reflected wavelet taken from common-offset stacks (l-km windows). Note that the three fll'st lobes of the wavelet and the peak of the envelope function show a broadly similar pattern of decay with increasing offset. The median values (0.5-km offset windows) of the largest peak and largest trough of the SBS wavelet (effectively the fll'st peak and fll'st trough) also show an 'almost identical signature. We thus conclude that the AVO response is similar for the major lobes of the SBS wavelet. We will use tbe 17,729 AVO response of tbe maximum amplitude of tbe SBS reflector in tbe subsequent analysis; tbis corresponds with the first peak of the wavelet and should minimize the interference from later arrivals (Le., the bottom of a thin bed).
A distinct asymmetry is apparent on the AVO plot (Figure 8) , with a higher initial amplitude but greater decay when sources are to the north (negative source-receiver offset values). This asymmetry is likely a cOJIlbination of two effects. Fll'st, the 'three-dimensional study indicates that the SBS is amphitheatre shaped, and two-dimensional finite-difference modeling of the SBS indicates that the curved shape of the SBS creates larger reflection amplitudes when the source is to the north (Figure 9) . Second, the road for several kilometers south of the SBS was ery soft as it traversed aswampy area, and the Ava response shows a relatively weak signal when the vibrators are immediately south of the SBS (0 to +10 km on Figure 8 ). To thenortb of the SBS, \1owever, the roads were quite hard, and the corresponding records (0 to -5 km on Figure 8) show a strong reflection.
In our fll'st look at Ava we ignore the asymmetry by looking at the absolute value of offset.
The AVO characteristics ( Figure 10 ) are a function of the following: (1) spherical divergence; (2) reflector shape and size (a smaller percentage of the Fresnel zone is being reflected at , larger offsets); (3) ove~burden effects (including source-receiver coupling); (4) anelastic attenuation; and (5) the AVO characteristics of tbe reflector (material properties). Of these, the spherical divergence, reflector size, and I anelastic attenuation can be estimated; Figure 11 shows the relative effects for eaclt of these factors. Spherical divergence, which cim be accurately computed [e.g., Dobrin, 1976] , produces an amplitude drop of about 25% across our 40-km offset range. Positive offsets correspond to having the sources to the south and receivers to the north. Note the asymmetry of the response.
The data between 12 and 23 Ian were edited becanse of high noise levels created by logging operations. source-receiver offset in km Fig. 9 . Finite difference, acoustic, two-dimensioJlal modeling assessing the effects of reflector shape on the AVO resPonse of the SBS. The solid symbols show the response of a flat body with the. same width, thickness, and material properties as the SBS model. The source and receiver were reversed. during the modeling to produce two lines for each mode], but in the flat mode] these lines are coincident. The SBS model shows an amplitude peak at 20 Ian offset due to focussing, with a lower amplitude at zero offset due to sideways scattering from the sloped body. The SBS response is asymmetric, with slightly larger amplitudes at the near offsets when the sources are to the north, as is obselVed in the field data (Figure 8 ). Figure 11 . sbows tha~this effect reduces amplitudes by about 10% at the larger offsets. Reflector sbape can effect tbe reflection amplitudes by focussing and defocussing tbe energy at different points. Figure  9 compares responses from two-dimensional, finite difference, wave equation acoustic modeling of the curved SBS and a flat feature witb tbe same widtb, tbickness, and material properties. The source and receiver in tbe modeling were reversed .to examine tbe reciprocity, but the two lines for tbe flat model coincide. As expected, tbe flat model produces a significant drop in amplitude at larger offsets. The SBS model, in contrast, sbows a low amplitude near-zero offset because of scattering by tbe tilted SBS reflector and an amplitude peak (focussing) near the 20 km source-receiver offset. From tbis modeling we conclude that tbe reflector sbape has an effect opposite to the trend observed in the field data, thus the ampliude decrease at greater offsets (Figure 10 ) would be even more pronounced if not for tbe curvature of the SBS reflector. We will ignore this effect during tbe rest of this analysis.
The effects of surface variability and coupling are difficult to assess, but the bigb multiplicity of measurements and the flatlying near-surface strata sbould reduce short wavelength components. Unfortunately, standard source-receiver amplitude corrections [Taner and Koehler, 1981] could not be calculated because the unusual acquisition geometry and the lone reflection (the SBS) would cause any sucb corrections to also remove the desired Ava effects. However, tbe large multiplicity of tbe data (circa 4800 traces to define tbe observed Ava curve) and tbe reversal of the experiment allow us, by taking the median values at eacb offset, to include six to eight shot and receiver locations at each offset. This should reduce the effects of small If none of these effects were present, the model response in this figure would be flat wi!h a value of 1.0. The reflector size takes into account the ratio of !he SBS reflector area versus !he Fresnel zone area, including changing inCidence angle. (Figures 12-14) further averages the near-surface effects. In addition, it must be kept in mind that the near-surface rocks consist of flat-lying ACP strata which show relatively little lateral change over the distance of the experiment.
Attenuation effects are difficult to separate from AVO effects, but for reasonable values of attenuation (Q>50) there is clearly a decrease in reflection amplitude with increasing offset. Figure 12 should reveal the AVO effects caused by the material properties by correcting for spherical divergence, reflector size, and different levels of anCla~tic attenuation [e.g., Dobrin 1976] . Looking only at the data at less than 25 km offset (at which point the relatively high noise levels at the ends of the proftle make the results questionable (see Figure 5» , it is apparent that a value of 25 for Q is far too low because we do not expect the reflection to have an amplitude 4 times that at zero offset even under remarkable conditions (critical angles should not be reached until about 40 to 50 km offset). At higher values of Q the reflection amplitude clearly decreases at larger offsets. A number of studies indicate that values of Q for crystalline rocks in the upper crust below the surficial layers are generally in the 200 to 500 range for 10-to 30-Hzwaves [e.g., Braile, 1977] ; a Q value in the 100 to 206 range therefore seems reasonable, if not low. We can thus conclude that there is a net decrease of reflection amplitude with increasing offset. For Q=2oo, the SBS reflection amplitude at 18 km (30 degree incidence angle) is only 30% that of the zero-offset reflection; for Q=100 it is about 37% of the zero-offset amplitude.
The seismic reflection data over the SBS thus provide three constraints on the reflectivity: (1) the P wave reflection has a positive impedance contrast, (2) the reflection coefficient is relatively large, and (3) the P wave reflection amplitude decreases markedly for increasing incidence angles of up to about 30 degrees and perhaps beyond.
Note that in the following AVO modeling we will be looking at first-order effects, that is, a positive or negative AVO response of about the same magnitude as the observed response, and not at the small vari~tions of the AVO curve (which are likely local perturbations due to near-surface effects).
Without shear wave reflectivity measurements it is impossible to uniquely constrain the lithology by defining the density, Vp, and VpNs changes across the SBS reflector, but the fluid model proposed for. the SBS has some distinctive properties which can be tested with these data. The positive impedance contrast indicates that the SBS, if it is caused by a fluid-filled porous zone, must originate from the interface between two fluids residing within the pores or fractures with the denser, higher-velocity, fluid below the interface. The P wave velocity of a porous rock is a weighted average of the pore fluid. and matrix velocities [Wyllie et at, 1956 [Wyllie et at, , 1958 with a velocity increase at the fluid-fluid contact within the porous zone. Because fluids cannot support shear stresses, however, the shear wave velocity is largely insensitive to the type of pore fluid [e.g., Ensley, 1984; Robe71son and Pritchett, 1985] . Twofluid porous zones are thus characterized by an increase in the VpNs ratio, or Poisson's ratio, across the fluid-fluid interface [Ensley, 1984] . The strength of the SBS reflection requires that there be a significant difference between the two pore fluids, so the Poisson ratio increase should not be a subtle effect in this case.
MOdeling the observed AVO response demonstrates an inherent paradox with the fluid model: an increase in the VpNs ratio across the reflector tends to produce a positive AVO trend (b) The Vp and VpNs increases across the reflector have been reduced to match the A va response, but the reflection coefficient is now far too low to cause a bright reflection.
(c) Same velocities as a, but an unreasonable (30%) density contrast is required to match the observed A va response.
(d) A decrease in the VpNs ratio across the reflector allows for a variety of velocity and density increases to reproduce the Ava response and still have a significant reflection coefficient, but the model contradicts the fluid hypothesis.
(increasing amplitude at greater offsets) unless accompanied by either an extremely low reflection coefficient or an unreasonably large density increase. Using Zoeppritz's equations for the amplitude of the reflected wave at different incidence angles [Aki and Richards, 1980, pp. 149-150] , we can test a fluid model with a reasonable increase in density, Vp, and Vp/Vs across the interface. Figure 13a , one of a large suite of similar models tested, shows that such a model does not reproduce the observed AVO response. As noted by previous workers [e.g., Yu, 1985; OSlrander, 1984] , reflectors with a Vp/Vs increase tend to have a flat or positive AVO response. 'This problem can be circumvented by making the Vp and VpNs increases very small (Figure 13b ), but this in turn produces an extremely small reflection coefficient.
Keeping the VpNs increase small but using a substantial Vp contrast does not match the AVO response without using an unacceptably high (10% or greater) density increase ( Figure Bc) . Such a density increase is acceptable between differing lithologies but in tbe fluid model the density change must be accomplished by changing the density of tbe pore fluid, which presumably forms a small percentage (less than 20%) of the total rock mass.
A VpNs decrease across the interface (Figure 13d ) will match tbe observed AVO response with reasonable values for density, velocity, and reflection coefficient. This contradicts the fluid model unless tbe lower, denser liquid in the porous zone bas a slower velocity to produce a Vp/Vs decrease across the interface; laboratory results do not preclude this (mercury has a slightly lower velocity than seawater), but for common materials the denser fluid has a faster velocity [Birch, 1942; Cannichael, 1982] . Furthermore, a velocity decrease and density increase would tend to work against each other to produce a relatively small reflection coefficient. Given these results, the simple two-fluid porous zone model appears implausible. A mafic or ultramafic body, on the other hand, easily produces a negative AVO response of the proper magnitude because we are not constrained regarding the VpNs ratio and because we can have relatively large increases in velocity and density across the interface. Figures 14a-14c show several models wherein the velocity and density contrasts are adjusted over a relatively wide range. The models match the magnitude of the observed AVO response, and the slopes of the model and observed curves are similar over much of their range. Given the variables involved, the models yield a remarkably good fit to source-receiver offset in km / .,' Fig. 14. Observed AVO response from !he SBS compared to several mafic body models. Density, Vp, and Vs, respectively, are shown for both layers at the top of each graph; VpNs ratios for both layers and the reflection coefficient (rc) are shown on !he right. Note !hat there are a variety of density, velocity, and VpNs contrasts which produce acceptable AVO responses. The wide lattitude in parameters possible for !he mafic model make it easy to reproduce the observed AVO response and retain a sizeable reflection coefficient (0.3 to 0.5). o the data. We thus conclude that a wide range of mafic rocks such as basalt or gabbro could satisfy the AVO data. In addition, the mafic model allows for relatively large velocity and density changes to produce a reflection coefficient of 0.03 or greater (Figures 14b and 14c) .
DISCUSSION
TIle AVO analysis was successful in eliminating the Ouid modcl only because the latter had unique properties to which the A VO response is especially sensitive. In fact, the analysis was I 40 useful because the reOection polarity at normal incidence is independent of the shear wave velocity contrast (no converted phases Another piece of data which would have been extremely useful is the relative P and S wave reflection amplitudes at vertical incidence. The lack of reOections from below the SBS on shear wave data, as well as the relatively weak SBS reflection itself, prevented a quantitative analysis like that done by Robertson and Pritchett [1985) .
Because the vertical reOections in each wave mode are independent of the other modes (no mode conversion), the P and S reOection coefficients independently measure the ratio of their respective velocity contrasts. This ratio would have been an important constraint in the modeling.
IDe experiment was successful in recording only a weak shear wave reOection from the SBS using vibrator sources.
There are several potential causes of the weak S wave reOection, including vibrator coupling, near-surface attenuation, and shear wave splitting. We have not attempted to analyze the SBS data to isolate these effects and, indeed, it is probably impossible to separate them without further field studies. Though these early results indicate that an intensive shear wave effort is required (4 to 8 times the P wave effort, for example), further tests of shear wave vibrators for deep crustal work are warranted solely because the potential benefits are so high. between the SBS and Moh<.> is likely the result of underthrusting of relatively low-velocity upper crustal rocks (metasediments?) during the suturing of Mrican crust (Florida) to North America. The reflection velocities are consistently slower than refraction velocities in the region, probably due in part to anisotropy, with horizontal energy traveling about 6% faster than the vertical energy.
Results of the reflectivity work over the Surrency Bright Spot (SBS) indicate that the SBS originates from an amphitheatreshaped body about 2.2 km in diameter with the deep and Oat portion to the southwest and that the SBS reflector is a high-A u t h o r ' s P e r s o n a l C o p y impedance body about 80 to 120 m in thickness. The latter result indicates that the reflection most likely originates from a mafic sill or ultramafic body in the midcrust and that the initial fluid hypothesis is untenable. Such a feature may have been emplaced either tectonically, during the Late Paleozoic suturing, or magmatically, most likely during the subsequent Mesozoic extension.
The results indicate that shear wave vibrators have the penetration capability for limited middle and lower crustal work but that a shear wave source effort 4 or more times that of the P wave effort, as measured by vibration time, is required. Other. areas may be more conducive to shear wave work, and the potential rewards of shear wave information certainly make further tests desireable.
A u t h o r ' s P e r s o n a l C o p y
